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(57) ABSTRACT

A method and apparatus 1s provided for facilitating identi-
fication of a cell 1n a cellular commumnication system and
particularly a system which incorporates different radio
access technologies. A network element such as a Radio
Network Controller (RNC) includes a store containing a
neighbor cell list, the neighbor cell list containing param-
cters relating to neighbor cells wherein parameters of cells
in the neighbor cell list which have a common area of
coverage and which support radio access technologies dii-
ferent from one another are linked together. A signal pro-
cessor correlates measurement reports received by the RNC
from a user equipment with the neighbor cell list to deter-
mine the identity of a cell in the cellular communication
system. The mnvention has particular applicability to resolv-
ing the problem of Primary Scrambling Code confusion
where a repeating pattern of small cells lies underneath a
macrocell.
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NETWORK ELEMENTS, CELLULAR
COMMUNICATION SYSTEM AND
METHODS THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application of Inter-
national Application No. PCT/EP2013/067697, filed Aug.
2’7, 2013333333, claiming priority to Great Britain Appli-
cation No. 1216256,6, filed Sep. 12, 2012, which has 1ssued
as (reat Britain Patent No. 2505885, Published Mar. 19,

2014, both of which are incorporated by reference herein 1n
their entirety.

FIELD OF THE INVENTION

The field of this invention relates to network elements, a
cellular communication system and methods for identifying
a cell 1 a cellular communication system. The mvention 1s
particularly applicable to cellular communication systems
which comprise more than one type of radio access tech-

nology (RAT).

BACKGROUND OF THE INVENTION

Wireless communication systems, such as the 3™ Gen-
eration (3G) of mobile telephone standards and technology,
are well known. An example of such 3G standards and
technology 1s the Universal Mobile Telecommunications
System (UMTS™), developed by the 3" Generation Part-
nership Project (3GPP™) (www.3gpp.org). The 3’ genera-
tion of wireless communications has generally been devel-
oped to support macro-cell mobile phone communications.
Such macro cells utilise high power base stations (NodeBs
in 3GPP parlance) to communicate with wireless commu-
nication units within a relatively large geographical cover-
age area. Typically, wireless communication units, or User
Equipment (UEs) as they are often referred to in 3G par-
lance, communicate with a Core Network (CN) of the 3G
wireless communication system via a Radio Network Sub-
system (RINS). A wireless communication system typically
comprises a plurality of radio network subsystems, each
radio network subsystem comprising one or more cells to
which UEs may attach, and thereby connect to the network.
Each macro-cellular RNS further comprises a controller, 1n
a form of a Radio Network Controller (RNC), operably
coupled to the one or more Node Bs, via a so-called lub
interface.

The second generation wireless communication system
(2G), also known as GSM, 1s a well-established cellular,
wireless communications technology whereby “base trans-
ceiver stations” (equivalent to the Node B’s of the 3G
system) and “mobile units” (user equipment) can transmit
and receive voice and packet data. Several base transceiver
stations are controlled by a Base Station Controller (BSC),
equivalent to the RNC of 3G systems.

Communications systems and networks are developing
towards a broadband and mobile system. The 3rd Generation
Partnership Project has proposed a Long Term Evolution
(LTE) solution, namely, an Evolved Umversal Mobile Tele-
communication System Territorial Radio Access Network,
(E-UTRAN), for a mobile access network, and a System
Architecture Evolution (SAE) solution, namely, an Evolved
Packet Core (EPC), for a mobile core network. An evolved
packet system (EPS) network provides only packet switch-
ing (PS) domain data access so a voice service 1s provided
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by either a packetised voice mechanism such as Voice over
IP or a 2G or 3G Radio Access Network (RAN) and circuit
switched (CS) domain network. User Equipment (UE) can
access a CS domain core network through a 2G/3G RAN
such as the GSM EDGE Radio Access Network (Enhanced
Data Rate for GSM Evolution, EDGE) Radio Access Net-
work or a Umniversal Mobile Telecommunication System
Terrestrial Radio Access Network (Universal Mobile Tele-
communication System Terrestrial Radio Access Network,
UTRAN), and access the EPC through the E-UTRAN.

Some user equipments have the capability to communi-
cate with networks of differing radio access technologies.
For example, a user equipment may be capable of operating
within a UTRAN and within an E-UTRAN.

Lower power (and therefore smaller coverage area) cells
are a recent development within the field of wireless cellular
communication systems. Such small cells are eflectively
communication coverage areas supported by low power base
stations. The terms “picocell” and “femtocell” are often used
to mean a cell with a small coverage area, with the term
femtocell being more commonly used with reference to
residential small cells. Herein, the term “small cell” means
any cell having a small coverage area and includes “pico-
cells” and femtocells. The low power base stations which
support small cells are referred to as Access points (AP’s)
with the term Home Node B (HNB’s) or Home Evolved
Node B (HeNB) i1dentifying femtocell access points. Each
small-cell has one Access point. These small cells are
intended to augment the wide area macro network and
support communications to User Equipments in a restricted,
for example, indoor environment. An additional benefit of
small cells 1s that they can offload tratlic from the macro
network, thereby {freeing up wvaluable macro network
resources.

Typical applications for such Access Points include, by
way of example, residential and commercial locations, com-
munication ‘hotspots’, etc., whereby Access Points can be
connected to a core network via, for example, the Internet
using a broadband connection or the like. In this manner,
temto cells can be provided 1n a simple, scalable deployment
in specific in-building locations where, for example, net-
work congestion at the macro-cell level may be problematic.

An example of a typical HNB for use within a 3GPP
system may comprise Node-B functionality and some
aspects of Radio Network Controller (RNC) functionality.

A HNB 1s an access point that provides a wireless
interface for a user equipment connectivity. It provides a
radio access network connectivity to a user equipment (UE)
using the so-called luh interface to a network Access Con-
troller, also known as a Home Node B Gateway (HNB-GW).
One Access Controller (AC) can provide network connec-
tivity of several HNB’s to a core network.

In a small cell network 1t 1s known that there may be a
very large number of small cells compared to the number of
macro cells, with small cells often residing within or over-
lapping macro cells 1n the same geographic area.

Thus, the coverage area of a single macro cell will
inevitably overlap (and encompass) a coverage area of a
large number of small cells.

In a planned macro cell network, a so-called neighbour
cell list 1s used to 1dentily adjacent cells to each macro cell,
to facilitate handover of UE communications from a
“source” cell to a “target” cell. The neighbour cell list 1s
broadcast to roaming UEs to enable the roaming UE to
receive and assess the suitability of continuing a communi-
cation by transferring the communication to an adjacent
(neighbour) cell. The neighbour cell list of the macro cell
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contains frequency and scrambling code information for all
of the cells whose coverage area overlaps with the macro
cell, to allow the UE to be able to receive and decode
transmissions from the neighbouring cells.

In a macro cell network, the neighbour cell list 1s con-
figured 1n the radio network controller (RNC) or BSC 1n the
case of a GSM (2G) network. The RNC (or BSC) stores a
neighbour cell list for each of the Node-Bs (or BTS’s) that
the RNC (or BSC) controls. The macro cell neighbour cell
list 1s normally configured based on information provided by
a cell-planning database. The cell-planming database can be
informed of the geographic location of a Node-B (or BTS)
and 1s able to return a list of other Node-B’s (or BTS’s)
whose coverage areas are close to or overlap the identified
Node-B (or BTS). A neighbour cell list for a Node-B (as
configured at the RNC) 1s essentially a list of structures; with
cach structure containing a frequency and scrambling code
to be used by the UE to access signals from every neighbour
cell.

If 1t 1s assumed that a user equipment (UE) 1s participating
in an active call, the UE receives measurement control
messages to measure from the neighbour cell list 1n a radio
resource control (RRC) system information message from
the RNC wvia a node B. The UE measures the specified
frequency and scrambling code to i1dentily the best (gener-
ally closest) neighbouring macro cells to consider as poten-
tial target cells.

The system messages also instruct the UE as to what
criteria should be used to trigger the sending of a measure-
ment report (e.g. measuring a signal level and/or signal
quality from a neighbouring cell that exceeds a predeter-
mined threshold), and what information should be 1included
in a measurement report.

The UE then monitors the specified neighbour cells,
identified in a RRC measurement control message, until one
of them meets the specified criteria. Once one of the
neighbour cells meets the specified criteria, the UE sends a
Measurement Report to the RNC.

Given the large number of small cells compared to the
number of macro cells, 1t 1s not possible to ensure that all the
small cells within the coverage area of a macro cell have
individual and diflerent frequencies and scrambling codes.

In a combined small cell-macro cell environment, the
macro cell RNC may be unable to determine, from the
measurement report received from the UE, which cell was
measured. Notably, this problem does not occur 1n a standard
planned (macro cell) network, as the system planners are
able to ensure that the coverage area of each cell only
overlaps with a small number of other cells.

However, there still remains a limitation in the size of
GSM, UTRAN and LTE neighbour cell lists that makes 1t
difficult to identity a target cell for handover in the case of
a dense deployment of cells because of the re-use of 1den-
tifying parameters such as PSC (Primary Scrambling Code)
in the case of WCDMA (wide band code division multiple
access).

Currently 1n 3G CELL_DCH mode (where a UE sends
measurement reports to a Node B,) 1t 1s only possible to use
the UARFCN (UTRA absolute radio frequency channel
number) and PSC as identifiers of a potential open-access
3G target for measurement as well as quality levels to be
measured, and to specily a maximum of 32 cells for mea-
surement in each of intra-frequency, interirequency, and
inter-RAT classes. Open access cells permit any UE to
access an Access Point (or HNB) or Node B, for example,
and to recei1ve the offered services. In contrast, closed access
cells only allow access to a subscribed user.
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In the case of a closed access (Closed Subscriber Group)
cell and Release 9+ UEs solutions to the problem have been

investigated based on broadcasting the PSC split for closed
Access Points or HNBs and allowing the proximity indicator
and autonomous search (see 3GPP TS 25.367) and reading
of the cell Id.

Such mechanisms are not available 1n the case of 3G open
cells (or for legacy UEs). The limitations described above
mean that although standard means may be used to ensure
that neighbouring small cells underneath a macro cell do not
share the same PSC (in the case of UTRAN), a dense
deployment means that the same PSC may be used by more
than one cell neighbouring/underneath a macro cell, making
the 1dentification of the target cell ditlicult. For example, say
that the number of PSC’s for co-channel small cell neigh-
bours 1s 32. Once 32 cells are exceeded, then at least one of
the PSC’s has to be re-used. So, 1 more than 32 small cells
are underneath a macro cell, a source cell’s RNC will have
difficulty i1dentifying a target small-cell uniquely. This 1s
known as PSC Confusion.

Thus, there exists a need for an improved method and
apparatus for identifying target (open) cells for handover 1n
a cellular communication system that combines macro-cell
and small cells.

SUMMARY OF THE INVENTION

Aspects of the mnvention provide network elements, a
cellular communication system and methods therefor as
described in the appended claims.

According to a first aspect of invention there 1s provided
a method for 1dentifying a cell in a cellular communication
system, the method including the steps of;

configuring a neighbour cell list containing parameters

relating to neighbouring cells,

wherein parameters of those neighbouring cells which

have a common area of coverage are linked together,
recerving measurement reports of transmissions from
cells included 1n the neighbour cell list,

and correlating the measurement reports with the neigh-

bour cell list to determine the identity of a measured
cell.

The cellular communication system may incorporate one

or more different radio access technologies.

In one example, the parameters which are linked together
comprise parameters representing codes. In  another
example, the parameters which are linked together represent
a code and a frequency. For example a primary scrambling
code (used 1n a 3G RAT for example) may be linked with a
training sequence code (used 1 a 2G RAT, for example).
Alternatively, a primary scrambling code may be linked with
a channel number (a UARFCN or ARFCN, for example).

The combination of measurement information from mul-
tiple RAT technologies and frequencies can be used to help
“disambiguate” a target cell for handover.

The 1invention 1s particularly useful in cases where many
small 3G cells lie underneath a 2G (GSM) macrocell or a
picocell.

According to a second aspect of the invention, there is
provided an apparatus comprising a network element for
facilitating 1dentification of a cell i a cellular communica-
tion system, the network element including a store contain-
ing a neighbour cell list, the neighbour cell list containing
parameters relating to neighbour cells wherein parameters of
cells 1 the neighbour cell list which have a common area of
coverage are linked together, and a signal processor for
correlating measurement reports received by the network
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clement from a wireless communication unit with the neigh-
bour cell list to determine the 1dentity of a cell 1n the cellular
communication system.

According to a third aspect of the invention, there 1s
provided an apparatus comprising a signal processor for
tacilitating 1identification of a cell i a cellular communica-
tion system, the signal processor being arranged to access a
store containing a neighbour cell list, the neighbour cell list
containing parameters relating to neighbour cells wherein
parameters ol cells 1n the neighbour cell list which have a
common area of coverage are linked together, the signal
processor being arranged to receive measurement reports
from a wireless communication umt within the cellular
communication system, the signal processor being arranged
to correlate the received measurement reports with the
neighbour cell list to determine the identity of a cell 1n the
cellular communication system.

According to a fourth aspect of the invention, there 1s
provided a tangible computer program product having
executable program code stored therecon for executing a
process to perform a method for i1dentifying a cell 1n a
cellular communication system in accordance with the first
aspect.

The tangible computer program product may comprise at
least one from a group consisting of: a hard disk, a CD-
ROM., an optical storage device, a magnetic storage device,
a Read Only Memory, a Programmable Read Only Memory,
an Erasable Programmable Read Only Memory, EPROM, an
Electrically Erasable Programmable Read Only Memory
and a Flash memory.

These and other aspects, features and advantages of the
invention will be apparent from, and elucidated with refer-
ence to, the embodiments described hereinafter.

In accordance with one embodiment of the invention, the
source cell (or a controlling and routing element such as an
RNC) 1s pre-configured with a linking (or pairing) of RATs
(or frequencies) used 1n a neighbouring cell supporting more
than one RAT (e.g. GSM and 3G) or frequency and also with
the identifying parameters used to control UE measurement

UARFCN, PSC) 1n the case of UTRAN and (ARFCN
(absolute radio frequency channel number), BSIC (base
station 1dentity code) in the case of GSM).

In one optional embodiment of the invention, the process
of configuring a neighbour cell list with the linking (or
pairing) ol parameters may be automated 1f the cell 1s
provided with a network listen (NWL) function.

In a further optional embodiment of the invention, the
process ol configuring a neighbour cell list with the linking
(or pairing) of parameters may utilise an automatic neigh-
bour relation (ANR) process 1n order to read the Cell Ids
plus RNC Ids of the neighbour.

Radio Access Network Information Management (RIM)
may optionally be used for the routing of the neighbour cell
list comprising the linked parameters.

In one optional embodiment of the invention, the source
cell/source Radio Network Subsystem or a proxy entity (e.g.
an 1ntra-layer ‘neighbour resolver’) 1s, or becomes, config-
ured with the linked pairings and a suitable UE in CELL_
DCH mode may be mstructed, typically by an Radio
Resource Control (RRC) Measurement Control message, to
monitor the frequencies/PSCs or other RAT identification to
report on physical parameters (such as received signal
strength indicators as defined 1 3GPP 25.331) with values
exceeding a certain threshold, and also a separate higher
threshold for the purpose of handover.

A signal processor (or “neighbour resolver”) which per-
forms a neighbour resolution function may be incorporated
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in a RNC of a 3G network, an RNS (Radio Network
Subsystem) associated with an RNC of a 3G network, a Base
Station Controller 1n a 2G network or an Access Controller/
Home Node B of a small cell network, or any other network
subsystem.

Such a neighbour resolver may be accessible either by the
source RNC (or HNB) or the target RNC (or HNB or
HNB-GW).

Locating the neighbour resolver in the Radio Network
Subsystem permits implementation of the imvention within
current 3GPP specifications.

Optionally, the method for 1dentitying a cell may include,
at the source RNC or HNB, modifying the “Source-to-Target
Transparent Container,” by the inclusion of additional mea-
surement results. This facilitates aiding target resolution at
the target side. As an example, at the source RNC or Access
Point, this could be a modification of the Additional Mea-
sured Results field of a Single Measurement Report. Hence
in one embodiment, the measurement reports may be added
to a handover request message between a source cell net-
work element and a target cell network element.

The mvention may be deployed by using GSM Base
Transceiver Stations merely as beacons which are set to
indicate that they are barred or out of service.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details, aspects and embodiments of the invention
will be described, by way of example only, with reference to
the drawings. Elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn
to scale. Like reference numerals have been included in the
respective drawings to ease understanding.

FIG. 1 illustrates a part of a cellular communication
system comprising multi-radio access technologies and
operating 1n accordance with an example embodiment.

FIG. 2 illustrates an example of a multi-layer arrangement
of cells comprising the cellular communication system of
FIG. 1;

FIG. 3 1s a message sequence chart of an example of a
method for 1dentifying a target cell in multi-RAT cellular
communication system; and

FIG. 4 1s message sequence chart of an alternative
example of a method for identitying a target cell in multi-
RAT cellular communication system.

DETAILED DESCRIPTION

The mventive concept finds particular applicability in a
cellular communication system that supports a number of
overlapping communication coverage areas, for example a
communication system that comprises a combination of
small cells and macro cells. Further, the mventive concept
finds applicability 1n a cellular communication system com-
prising more than one Radio Access Technology.

Those skilled 1n the art will recognize and appreciate that
the specifics of the specific examples described are merely
illustrative of some embodiments and that the teachings set
forth herein are applicable 1n a variety of alternative settings.
For example, since the inventive concepts do not depend on
any particular combination of radio access technologies, 1t 1s
envisaged that the imnventive concepts can be applied to other
combinations of RAT’s although a combination of 2G
systems and 3G systems are shown 1n the embodiments. As
such, other alternative implementations within cellular com-
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munication systems conforming to different standards are
contemplated and are within the scope of the various teach-
ings described.

Referring now to FIG. 1, an example of a multi-RAT
wireless communication system operating in accordance
with some embodiments of the invention 1s illustrated and
indicated generally at 100. The system 100 comprises a
plurality of small cells (only two of which, A and B are
shown for the sake of clarity), two 2G (GSM) macro cells C
and D and a 3G macrocell E.

A core network of the wireless communication system of
FIG. 1 includes a Gateway General Packet Radio System
(GPRS) Support Node (GGSN) 101 and a Serving GPRS
Support Node (SGSN) 102. The GGSN101 or SGSN 102 1s
responsible for interfacing the wireless communication sys-
tem 100 with a packet data network, for example a Public
Switched Data Network (PSDN), (such as the Internet) or a
Public Switched Telephone Network (PSTN). The SSGN
102 performs a routing and tunnelling function for traflic to
and from the cells A, B, C, D and F while the GGSN 102
links with external packet networks. In an Evolved Packet
Core, the equivalent node to a GSGN 1s a Packet Gateway
(P-GW) and 1n this example, the two are shown combined.

The small cell A and the small cell B are linked to the
SGSN by way of 1u-PS and luh links via a 3G Home Node
B Gateway 103. The small cell A 1s served by a network
clement 1n the form of an Access Point (AP)Home Node B
104. Similarly, the small cell B 1s served by an associated
network element in the form of an access point 105. As will
be appreciated by the skilled artisan, an access point 104,
105 1s a communication element that facilitates access to a
communication network via a communication cell, such as
a femto-cell. One application 1s that an AP may be purchased
by a member of the public and installed in their home. The
AP may then be connected to the HNB-GW 103 over the
owners broadband Internet connection. Each AP 104, 105 1s
typically provided with transmitting and receiving means for
communicating wirelessly with a user equipment.

Thus, an AP 104 1s a scalable, multi-channel, two-way
communication device that may be provided within, say,
residential and commercial (e.g. oflice) locations, ‘hotspots’
etc, to extend or improve upon network coverage within
those locations. Although there are no standard criteria for
the functional components of an AP, an example of a typical
AP for use within a 3GPP 3G system may comprise Node-B
functionality and some aspects of Radio Network Controller
(RNC) tunctionality as specified in 3GPP TS 25.46°7. The AP
104 communicates with User Equipments (UEs) such as UE
106 via a wireless interface. The small cells A and B are just
two cells of a larger network of neighbouring small cells
which will be described below with reference to FIG. 2.
Each small cell 1s controlled by an associated access point
similar to the access points 104 and 105 in FIG. 1. Only two
access points are shown 1n FIG. 1 for the sake of clarity

The 2G (GSM) macro-cell C 1s served by a Base Trans-
ceiver Station (BTS) 107 and the 2G (GSM) macrocell D 1s
served by an associated Base Transcerver Station 108. Both
BTS’s are controlled by a Base Station Controller (BSC)
109. The BSC 109 i1s linked to the SGSN 102 and a Mobile
Switching Centre 110. In the particular example of the
embodiment of FIG. 1, the 2G cells A and B have coverage
arecas which are adjacent to one another. Further, they are
assigned different BCC’s (base station colour codes). They
are also assigned ARCFN’s (absolute radio frequency chan-
nel numbers) which may be the same or different. In a GSM
network there are eight BCC’s available. A BCC along with
a network code may be arranged to make up a locally unique
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BSIC (base station identity code). This BSIC has a 1-1
correlation with the training sequence code (TSC) which 1s
used by a cell for system broadcasts. Hence a TSC can also
provide a unique local 1dentifier for a 2G cell. The ARFCN
(or broadcast frequency) may also serve as a local identifier
for a 2G cell.

The 3G macrocell E 1s served by a node B 111 which 1s
controlled by a radio network controller (RNC) 112. The
RINC 112 incorporates a signal processor 113 and a store 114
whose functions will be described in greater detail below.
The RNC 112 1s linked to the SGSN 102 and to the mobile
switching centre 110.

Referring now to FIG. 2 which 1s a schematic represen-
tation of a multi-RAT and multilayer arrangement cells
comprising the cellular communication system of FIG. 1, the
circle 201 represents the coverage area of the 3G macrocell
E. The circles 202 and 203 which are adjacent to one another
in this example represent the coverage areas of 2G macro-
cells C and D respectively. Both cells C and D lie within the
coverage area 201 of 3G macrocell E. 2G macrocell C 1s
assigned a TSC_0 and 2G macrocell D 1s assigned a TSC_1.
Within the coverage areas of the macrocell 1s C, D and E 1s
an underlayer of small cells whose coverage areas are
represented as hexagons in FIG. 2. These small cells are
arranged 1n a seven-cell re-use pattern. That 1s to say that an
arrangement of seven small cells, each assigned with a
unique primary scrambling code, PSC1-PSC 7 1s configured
within the coverage area 202 of cell C and the same
arrangement 1s repeated in the same configuration within the
coverage arca of cell D. Although a classic 7-cell re-use
pattern 1s 1llustrated in this example, the general principle
applies to larger numbers, n, ol PSCs. Assume that 7 PSCs
have been allocated for a small cell layer which sits under a
higher layer, and frequency limitations mean that the small
cell deployment 1s co-channel. It 1s possible to arrange the
7 PSCs to avoid neighbour cells sharing the same PSC (PSC
collision). However, once more than 7 (n) PSCs are utilised
under the higher layer, then of necessity one of the PSCs
must be repeated, leading to potential PSC confusion in
identifving a cell under the higher layer by PSC alone.

In this particular example, small cell A, which 1s served by
AP 104 and represented by a hexagon 204 1s assigned a PSC
2 and lies within the coverage area of 2G macrocell C. Small
cell B, which 1s served by AP 105 and 1s represented by a
hexagon 295 1s also assigned PSC 2 and lies within the
coverage area of 2G macrocell D. Both small cells A and B
(and their neighbours having a PSC of 1 or 3-70 all lie within
the coverage area of macrocell E.

The UE 106 15 capable of communicating wirelessly with
the node B 111 of 3G macrocell E and any of the small cells,
(A and B included). It 1s also capable of receiving transmis-
sions from the 2G Base Transceiver Stations 107 and 108.
Initially, 1n one example, the UE 106 1s camped on to
macrocell E and wishes to relocate to small cell A.

The RNC 112 (see FIG. 1) includes a store 114 for
containing a modified neighbour cell list and a neighbour
resolver processing module 113. This processing module
113 performs a neighbour resolution function which
removes the ambiguity of cell identification encountered in
known systems.

A neighbour cell list 1s conventionally configured and
held 1 the RNC 112. Such a list typically contains param-
cters relating to cells which are close to, adjacent to or
“underneath” the macrocell E which the RNC112 controls.
In this example, the “neighbours” will be all the underlying
small cells and the 2G cells C and D of FIG. 2. Neighbour

cell parameters typically include frequencies and scrambling
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codes, In particular a list may include a cell identifier which
may relate to 1ts geographical location, the PSC of each
small cell and the TSC of the 2G cells. So a neighbour cell
list includes cells which support different radio access
technologies or physically close or co-located cells support-
ing different radio access frequencies. A modified neighbour
cell list 1s configured and held 1n the store 114. This modified
neighbour cell list may be configured by the neighbour
resolver processing module 113 or may be configured
remotely and transmitted to the RNC for holding in the store
114. The modified neighbour cell list 1s configured by
linking parameters of those neighbours in the neighbour cell
list which have a common area of coverage. In the example
of FIGS. 1 and 2, there will be a pairing of the parameters
tor 2G cell C and all the small cells (including cell A) which
are covered by cell C. There will be a similar pairing of the
parameters for 2G cell D and all the small cell (including cell
B) which are covered by the 2G cell B. This modified
neighbour cell list with the pairings of parameters 1s made
available to the neighbour resolver processing module 133.

In this example, the PSC’s of the small cells are paired
with the TSC’s of the 2G cells and 1included 1n the modified
neighbour cell list

In this example, the UE 106 1s currently camped on to the
node B 111 1n cell E and 1n CELL-DCH mode. In CELL-
DCH mode, the UE 106 1s known on the cell level and can
be requested to send measurement reports of signals
received from neighbouring cells to the RNC 112 via a
wireless link with the node B 111. Typical measurement
reports on neighbouring cells can include signal levels and
signal quality measurements which exceed certain thresh-
olds. For example, the UE may detect the presence of a cell
with a particular PSC but it does not actually know the cell’s
identity.

The node B 110 will know from the UE’s “class mark™
which radio access technologies (RAT) and frequency bands
the UE 124 1s capable of supporting and particularly, 1f it can
support more than one RAT that may be employed in a
neighbour cell. In this example, the UE 106 1s instructed, by
way ol a conventional RRC (radio resource control) mes-
sage to monitor signal levels of transmissions from cells
having TSC 0, TSC 1 and PSC’s 1-7. It will be clear from
inspection of FIG. 2 that the combination of the strongest
TSC with the strongest PSC in a particular location 1s
unique.

The measurement reports recerved i the RNC 112 are
accessed by the neighbour resolver processing module 113
and compared with the modified neighbour cell list in the
store 114. From the pairings of neighbour cell parameters the
neighbour resolver processing module 113 can resolve any
ambiguity in the identity of a small cell which shares the
same PSC as another 1.e. PSC confusion 1s resolved. In
particular, cell A can be distinguished from Cell B even
though they have the same primary scrambling code. The
UE106 can also be requested to report signal values which
exceed a certain relative or absolute thresholds and also a
separate, higher threshold for the purposes of handover.
Therefore, if the UE 106 requests a handover from the
macrocell E (1e. the “source” cell) to a small cell (the
“target” cell) having a PSC_2, the neighbour resolver pro-
cessing module 113 1s able to determine whether the small
cell that the UE 1s reporting as having the higher signal
strength 1s cell A or cell B by comparing the relative reported
signal strengths of 2G cells having TS_0 and TSC_1.

In another example, the 2G macrocells C and D are
assigned the same TSC, but are assigned different ARFCN’s
(ARFCN_0 and ARFCN_1) say. In this case, the PSC’s of
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the small cells are paired with the ARFCN’s of the 2G
macrocells C and D and included in the modified neighbour
cell list. The UE 105 i1s then instructed to monitor signal
levels of transmissions from cells having ARFCN_0 and
ARFCN 1 and PSC’s 1-7. Then the combination of the
strongest ARFCN with the strongest PSC 1n a particular
location will be unique.

In a further example, the UE 106 may be imitially camped
on to small cell A (ie. the source cell) and require a
relocation to another small cell or the macrocell E. In this
case, the Home node B gateway 103 may be provided with
a neighbour resolver processing module and store i a
similar fashion to the RNC 112 in the above examples 1n
order to correctly i1dentify a target cell for handover.

In the above examples the neighbour resolution function
was carried out in the source cell, by the RNC 112 or 3G
HNB-GW 109. The 3GPP RANAP (radio access network
application part) (see 3GPP TS 25.413) and RNSAP (radio
network subsystem application part) (see 3GPP TS 25.423)
specifications, which are used for the purposes of inter-
SRNS (serving radio network subsystem) handover, have
the option for the measurement report that caused the SRNS
to instigate a handover process, to be included in the
relocation message towards the target RNS (see 3GPP TS
25.331 section 14.12.4.2 SRNS Relocation Info). This
invention can exploit this option as 1t provides a means for
an 1nter-layer neighbour resolution function, (as configured
in accordance with the invention), to learn details for the
handover.

Consequently as an alternative aspect of the invention, the
neighbour resolution function may be carried out at a target
Radio Network Subsystem (for example, a HNB or a RNC)
or at a HNB-GW linked to the target RNS. This may be
achieved by configuring the source small cells in such a way
that their key radio-layer indexes used for measurement (e.g.
frequency, primary scrambling code) indicate a particular
RNC or HNB-GW without necessarily being suflicient to
identify the target cell uniquely. This ensures that the Han-
dover request can be routed towards the correct RNC or
HNB-GW. Following this, the multi-RAT information can
thus be conveyed to the target by either; (1) adding more
Measurement Reports into the Handover Required/Han-
dover Request messages between Source RNS and Target
RNS. These Measurement Reports will contain inter-RAT
Measurements, or (i11) Including the inter-RAT Measure-
ments 1n the optional ‘Additional Measured results’ Infor-
mation Flement in the RRC Measurement Report (see 3GPP
TS 25.331 section 10.2.19)

Note that mechanism (11) above would not require
changes to existing 3GPP messages. The target side RNC or
HNB-GW may then access the Measurement Reports and
possibly Additional Measured results to obtain inter-RAT
measures 1 order to request the Neighbour Resolution
function to correlate them and i1dentify the target cell.

As a further element of this alternative aspect b), 3GPP TS
25.331 section 8.6.7.22 indicates that; (1) if any of the
measurements referenced 1n the “Additional Measurement
List” 1s an intra-frequency, interfrequency, or inter-RAT
measurement, and this measurement 1s configured with
event based reporting: (11), the UE behaviour 1s not specified.

This means that although inter-RAT measurements may
be normally included 1n the Measurement Report message
from the UE at the same time as intra-frequency or inter-
frequency measurements, the inter-RAT measurements
should be configured via periodic location reporting (the
alternative to event based reporting). However, in current
deployments, the use of event based reporting dominates
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because of 1ts reduced signalling load. Consequently, an
optional aspect of the invention 1s for the source RNC to be
using event based measurement reporting and to modity the
Measurement Report to include the event based Measure-
ments mto the Additional Measured results

As a further optional aspect of the invention, the inter-
RAT cells such as the 2G (GSM) cells C and D may be used
solely as beacons without having to offer GSM service or
deploy a GSM BSC. The cells’ Base Transceiver Stations
107, 108 can be set to broadcast 1n a way that indicates that
they are not accessible for normal service. This allows
significant spectral efliciency gains because the GSM broad-
cast channel uses only a single timeslot (out of 8) and so
other GSM beacons or active cells would be able to use the
remaining time window in the same frequency for their own
transmissions without risking interference.

In an alternative embodiment of the invention, instead of
a HNB-GW or RNC being pre-configured with a conven-
tional neighbour cell list from which a modified neighbour
cell list 1s produced for use by a neighbour resolver pro-
cessing module, the Access Point compiles the required
information 1tself from cell broadcasts. In this alternative
embodiment, an Access Point 104, 105 or Home Node B
performs a network listen function by listening to the
broadcast channel transmissions of neighbouring cells and
extracting the necessary cell parameters from these trans-
missions. The Access point may be further provided with a
neighbour resolver processing module which receives this
information from a network listening device, compiles the
extended neighbour cell list and correlates the relevant
paired parameters with recerved measurement reports in
order to umiquely identily a neighbouring cell.

In a further, alternative embodiment of the invention,
configuration of a modified neighbour cell list may be
augmented by the use of the (known) automatic neighbour
relation (ANR). The ANR process 1s one which relies on a
UE to report cells that 1t has detected but which are not on
any neighbour cell list that 1t has been provided with by 1ts
serving access point. So 1n this embodiment, an Access Point
or node B instructs a UE and any other UE 1n its area of
coverage, to perform an ANR process. Each UE 1s then able
to report neighbour cell parameters gained from monitoring
the broadcast channels of neighbouring cells.

Referring now to FIG. 3 which 1s a message sequence
chart of an example of a method for identifying a target cell
in multi-RAT cellular communication system, a UE 301 1s
mitially camped on to a small cell which 1s served by a
Home Node B 302 which provides the UE with access to a

core network (CN) 303. A neighbour resolution function 304
1s accessible to the HNB 302 and in this example 1is
incorporated 1n the (source) HNB 302. At 305, a modified
neighbour cell list with pairings of parameters of those cells
which have a common area of coverage and which support
different radio access technologies 1s compiled and made
accessible to the neighbour resolution function 304. Net-
work Listen and RIM techniques (Radio Access Network
Information Management) may optionally be used to assist
in compiling the list and routing it to an approprate network
clement.

At 306, one or more RRC measurement control messages
are sent from the HNB 302 to the UE 301. This instructs the
UE 301 to measure neighbour cell parameters which include
PSC’s of small cells and TSC’s of 2G cells and to report
those having strongest values or exceeding certain thresh-

olds.
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At 307, the UE 301 reports to the neighbour resolution
function 304 via the HNB 302 (Event 3C) that the signal
strength measured for TSC_0 exceeds the configured thresh-
old.

At 308, the UE 301 reports to the neighbour resolution
function 304 via the HNB 302 (Event 1C) that the strongest

PSC measured 1s PSC_2. The neighbour resolution function
1s then able to correlate these recerved measurement reports
with parameters in the modified neighbour cell list to

determine that the small cell which 1s providing the strongest
signal to the UE 301 and therefore the best candidate for

handover 1s cell A (of FIG. 2), which lies within the coverage
area of the GSM cell having TSC_0. (Cell A of FIG. 2).

At 309, the neighbour resolution function conveys the
result of 1ts correlation to the HNB 302 whereupon the HNB
302 sends (at 310) a conventional Relocation Request mes-
sage to the Core Network 303. Thereafter, the handover
process can proceed 1n a conventional manner.

Retferring now to FIG. 4 which 1s a message sequence
chart of an alternative example of a method for 1dentifying
a target cell 1n multi-RAT cellular communication system, a
UE 401 1s mitially camped on to on to a 3G macrocell which
1s served by an RNC 402 which provides the UE with access
to a core network (CN) 403. A HNB-GW 404 controls a
multiplicity of small cells to one of which, the UE 401 may

wish to hand over. A neighbour resolution function 405 1s
accessible to the HNB-GW 404 and in this example 1s

incorporated 1n the (target) HNB-GW 404.

At 406 a modified neighbour cell list with pairings of
parameters of those cells which have a common area of
coverage and which support different radio access technolo-
gies 1s compiled and made accessible to the neighbour
resolution function 405. Network Listen and RIM tech-
niques (Radio Access Network Information Management)
may optionally be used to assist in compiling the list and
routing 1t to an appropriate network element.

At 407, an RRC measurement control message 1s sent
from the RNC 402 to the UE 401. This instructs the UE 401
to measure neighbour cell parameters which include PSC’s
of small cells and TSC’s of 2G cells and to report those
having strongest values or exceeding certain thresholds.

At 408, the UE 401 reports to the RNC 402 (Event 3C)
that the measurement of TSC_0 exceeds the configured
threshold.

At 409, the UE 401 reports to the RNC 402 (Event 1C)
that the strongest PSC measured 1s PSC_2.

At 410 the appropniate Measurement Reports are created
in the RNC 402 and at 411 transmitted to the Core Network

403 1n a RANAP (Radio Access Network Application Part)
Relocation Request Message. The process continues (412)
in accordance with 3GPP handover procedure but at this
point, the 1dent1ty of the target cell 1s not known, only the
HNB-GW 404 1s identified in the message to the Core
Network.

At 413, a RANAP relocation request Message 1s sent from
the Core Network 403 to the HNB-GW 404.

In response at 414, the HNB-GW 404 sends the appro-
priate measurement reports to the Neighbour resolution
function 405. The neighbour resolution function 405, which
1s incorporated 1n the (target) HNB-GW 404 in this example,
1s then able to correlate these recerved measurement reports
with parameters in the modified neighbour cell list to
identify which small cell 1s providing the strongest signal to
the UE 401 and therefore the best candidate for handover.

At 415, the neighbour resolution function 405 sends the
ID of this identified small cell to the HNB-GW 404.
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At 416 the RANAP Relocation Request 1s forwarded from
the HNB-GW 404 to the Access Point/Home Node B
supporting the 1dentified cell.

The handover process can then continue using standard
3GPP procedures (417).

The invention may be implemented by Operators of
networks contaiming more than one radio access technology,
or where different radio access technologies are co-located
between networks, or where 1t 1s possible to use a second
radio access technology as a beacon within existing spec-
trum allocation.

The signal processing functionality of the embodiments of
the invention, particularly the neighbour resolution function
of the neighbour resolver processing module 113, may be
achieved using computing systems or architectures known to
those who are skilled 1n the relevant art. Computing systems
such as, a desktop, laptop or notebook computer, hand-held
computing device (PDA, cell phone, palmtop, etc.), main-
frame, server, client, or any other type of special or general
purpose computing device as may be desirable or appropri-
ate for a given application or environment can be used. The
computing system can include one or more processors which
can be mmplemented using a general or special-purpose
processing engine such as, for example, a microprocessor,
microcontroller or other control module.

The computing system can also mclude a main memory,
such as random access memory (RAM) or other dynamic
memory, for storing information and instructions to be
executed by a processor. Such a main memory also may be
used for storing temporary variables or other intermediate
information during execution of mnstructions to be executed
by the processor. The computing system may likewise
include a read only memory (ROM) or other static storage
device for storing static mnformation and instructions for a
Processor.

The computing system may also include an information
storage system which may include, for example, a media
drive and a removable storage interface. The media drive
may include a drive or other mechanism to support fixed or
removable storage media, such as a hard disk drive, a floppy
disk drive, a magnetic tape drive, an optical disk drive, a
compact disc (CD) or digital video drive (DVD) read or
write drive (R or RW), or other removable or fixed media
drive. Storage media may include, for example, a hard disk,
floppy disk, magnetic tape, optical disk, CD or DVD, or
other fixed or removable medium that 1s read by and written
to by media drive. The storage media may include a com-
puter-readable storage medium having particular computer
soltware or data stored therein.

In alternative embodiments, an information storage sys-
tem may include other similar components for allowing
computer programs or other instructions or data to be loaded
into the computing system. Such components may include,
for example, a removable storage unit and an interface, such
as a program cartridge and cartridge interface, a removable
memory (for example, a flash memory or other removable
memory module) and memory slot, and other removable
storage units and interfaces that allow software and data to
be transierred from the removable storage unit to computing
system.

The computing system can also include a communications
interface. Such a communications interface can be used to
allow software and data to be transierred between a com-
puting system and external devices. Examples of commu-
nications interfaces can include a modem, a network inter-
face (such as an Ethernet or other NIC card), a
communications port (such as for example, a universal serial
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bus (USB) port), a PCMCIA slot and card, etc. Soitware and
data transterred via a communications interface are in the

form of signals which can be electronic, electromagnetic,

and optical or other signals capable of being received by a
communications interface medium.

In this document, the terms ‘computer program product’,
‘computer-readable medium’ and the like may be used
generally to refer to tangible media such as, for example, a
memory, storage device, or storage unit. These and other
forms of computer-readable media may store one or more
istructions for use by the processor comprising the com-
puter system to cause the processor to perform specified
operations. Such instructions, generally referred to as ‘com-
puter program code’ (which may be grouped 1n the form of
computer programs or other groupings), when executed,
cnable the computing system to perform functions of
embodiments of the present invention. Note that the code
may directly cause a processor to perform specified opera-
tions, be compiled to do so, and/or be combined with other
soltware, hardware, and/or firmware elements (e.g., libraries
for performing standard functions) to do so.

In an embodiment where the elements are implemented
using soitware, the software may be stored in a computer-
readable medium and loaded into computing system using,
for example, removable storage drive. A control module (in
this example, software instructions or executable computer
program code), when executed by the processor in the
computer system, causes a processor to perform the func-
tions of the mvention as described herein.

Furthermore, the inventive concept can be applied to any
circuit for performing signal processing functionality within
a network element. It 1s further envisaged that, for example,
a semiconductor manufacturer may employ the inventive
concept mn a design of a stand-alone device, such as a
microcontroller of a digital signal processor (DSP), or
application-specific integrated circuit (ASIC) and/or any
other sub-system element.

It will be appreciated that, for clarity purposes, the above
description has described embodiments of the invention with
reference to a single processing logic. However, the mven-
tive concept may equally be implemented by way of a
plurality of different functional units and processors to
provide the signal processing functionality. Thus, references
to specific functional units are only to be seen as references
to suitable means for providing the described functionality,
rather than indicative of a strict logical or physical structure
or organisation.

Aspects of the mvention may be implemented 1n any
suitable form 1ncluding hardware, software, firmware or any
combination of these. The invention may optionally be
implemented, at least partly, as computer software running
on one or more data processors and/or digital signal pro-
cessors or configurable module components such as FPGA
devices. Thus, the elements and components of an embodi-
ment of the mvention may be physically, functionally and
logically implemented 1n any suitable way. Indeed, the
functionality may be implemented 1n a single unit, 1n a
plurality of umts or as part of other functional units.

Although the present imvention has been described 1n
connection with some embodiments, 1t 1s not intended to be
limited to the specific form set forth herein. Rather, the scope
ol the present invention 1s limited only by the accompanying
claims. Additionally, although a feature may appear to be
described 1n connection with particular embodiments, one
skilled 1n the art would recognize that various features of the
described embodiments may be combined 1n accordance
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with the invention. In the claims, the term ‘comprising” does
not exclude the presence of other elements or steps.

Furthermore, although individually listed, a plurality of
means, elements or method steps may be implemented by,
for example, a single unmit or processor. Additionally,
although individual features may be included i different
claims, these may possibly be advantageously combined,
and the inclusion 1 different claims does not imply that a
combination of features 1s not feasible and/or advantageous.
Also, the inclusion of a feature in one category of claims
does not 1imply a limitation to this category, but rather
indicates that the feature 1s equally applicable to other claim
categories, as appropriate.

Furthermore, the order of features 1n the claims does not
imply any specific order in which the features must be
performed and 1n particular the order of individual steps in
a method claim does not imply that the steps must be
performed 1n this order. Rather, the steps may be performed
in any suitable order. In addition, singular references do not
exclude a plurality. Thus, references to ‘a’, ‘an’, ‘first’,
‘second’, etc. do not preclude a plurality.

The invention claimed 1s:
1. A method for identifying a cell 1n a cellular commu-
nication system, the method including the steps of:
configuring a neighbor cell list containing parameters
relating to neighboring cells, wherein parameters of
those neighboring cells which have a common area of
coverage are linked together;
receiving from a wireless communication unit, measure-
ments of a target cell 1dentified as a candidate cell for
handover from a source cell and having a specified cell
parameter;
identifying at least one neighboring cell, other than the
source cell or target cell, in the neighbor cell list that
has a common area of coverage with a cell having the
specified cell parameter;
transmitting an mstruction to the wireless communication
umt to send measurement reports of the identified at
least one neighboring cell;
receiving said measurement; and
correlating the measurement reports with the neighbor
cell list to determine the 1dentity of the target cell.
2. The method of claim 1 wherein the parameters which
are linked together comprise parameters representing codes.
3. The method of claim 1 wherein the parameters which
are linked together represent a code and a frequency.
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4. The method of claim 2 wherein the parameters which
are linked together comprise a primary scrambling code and
a training sequence code.
5. The method of claim 3 wherein the parameters which
are linked together comprise a primary scrambling code and
a channel number.
6. The method of claim 1 wherein the step of configuring
the neighbor cell list includes a network listen process.
7. The method of claim 1 wherein the step of configuring,
the neighbor cell list includes an automatic neighbor relation
pProcess.
8. Apparatus for facilitating identification of a cell 1 a
cellular communication system, the apparatus being
arranged to:
configure a neighbor cell list, the neighbor cell list con-
taining parameters relating to neighbor cells wherein
parameters of cells 1 the neighbor cell list which have
a common area ol coverage are linked together;

receive from a wireless communication unit within the
cellular communication system, measurements of a
target cell 1dentified as a candidate cell for handover
from a source cell and having a specified cell param-
cler,

identity at least one neighboring cell, other than the

source cell or target cell, in the neighbor cell list that
has a common area of coverage with a cell having the
specified cell parameter;

transmit an mstruction to the wireless communication unit

to send measurement reports of the at least one 1den-
tified neighboring cell;

recerve said measurement reports from the wireless com-

munication unit; and

correlate the received measurement reports with the

neighbor cell list to determine the 1dentity of the target
cell.

9. A non-transitory computer readable medium having
computer readable instructions stored thereon for execution
by a processor to perform the method of claim 1.

10. The non-transitory computer readable medium of
claim 9 comprising at least one from a group consisting of:
a hard disk, a CD-ROM, an optical storage device, a
magnetic storage device, a Read Only Memory, a Program-
mable Read Only Memory, an Erasable Programmable Read
Only Memory, EPROM, an Electrically Erasable Program-
mable Read Only Memory and a Flash memory.
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